Purpose: During the competitive soccer season, women's intercollegiate matches are typically played on Friday evenings and Sunday afternoons. The efficacy of a 42-h recovery period is not well understood. This investigation was conducted to determine performance differences between Friday and Sunday matches during a competitive season. Methods: Ten NCAA Division I female soccer players (20.5 ± 1.0 y, 166.6 ± 5.1 cm, 61.1 ± 5.8 kg) were monitored with 10-Hz GPS devices across 8 weekends with matches played on Friday evenings and Sunday afternoons. The players were outside backs, midfielders, and forwards. All players had to participate in a minimum of 45 min/match to be included in the study. Average minutes played, total distance covered, total distance of high-intensity running (HIR) (defined as running at a velocity equal to or exceeding 3.61 m/s for longer than 1 s), the number of HIR efforts, and the number of sprints were calculated for each match. Data for Friday vs Sunday matches were averaged and then compared using dependent t tests. Results: No differences were seen in minutes played, distance rate, or number of sprints between Friday and Sunday matches. A significant (P = .017) decrease in rate of HIR between Friday (25.37 ± 7.22 m/min) and Sunday matches (22.90 ± 5.70 m/min) was seen. In addition, there was a trend toward a difference (P = .073) in the number of efforts of HIR between Friday (138.41 ± 36.43) and Sunday (126.92 ± 31.31). Conclusions: NCAA Division I female soccer players cover less distance of HIR in games played less than 48 h after another game. This could be due to various factors such as dehydration, glycogen depletion, or muscle damage.
Soccer is characterized as a physically demanding sport, requiring both aerobic and anaerobic fitness to meet the various physiologic demands of the game. 1 In addition, soccer athletes must possess and use sport-specific skills necessary to conduct offensive and defensive tactics throughout the course of a competitive match. At the college level, women are reported to cover 8 to 11 km during a match and perform 70 to 190 high-intensity runs per match, totaling as much as 2 km of high-intensity running (HIR). 1 Due to this high physiological stress, fatigue has been reported at various times during a match, 2 and postmatch fatigue has been reported to negatively affect countermovement-jump performance, sprint performance, and peak torque in leg-extensor and -flexor muscles in elite women soccer players. 3 Previous research examining markers of muscle damage after a soccer match reported significant elevations in creatine kinase, which peaked 21 hours postmatch and returned to baseline levels 69 hours postmatch. 3 In addition, peak muscle soreness occurred at 27 hours postmatch and also returned to baseline 69 hours after the match. In another investigation examining the ability to replenish muscle glycogen stores between soccer matches, Gunnarsson et al 4 showed that even with a nutritional intervention, muscle glycogen concentrations in type II fibers had not yet reached their prematch levels by 48 hours after a simulated 90-minute soccer match. These investigations suggest the potential difficulty for complete recovery between soccer matches when there are less than 48 hours between competitions. This is quite relevant for National Collegiate Athletic Association (NCAA) Division I women's soccer competitions, in which conference scheduling often requires teams to play matches on Friday evenings and Sunday afternoons over the same weekend. The approximate 42 hours between matches may not provide sufficient time for recovery for athletes to perform at the same level in the second game after this recovery period. Whether performance can be duplicated in this second game is not known. However, recent technological advances have provided a noninvasive and nonintrusive way to track performance changes from game to game. This knowledge could enhance a coach's ability to prepare and organize a proper training or nutrition program to maintain performance. Thus, the purpose of this investigation was to determine performance differences between Friday and Sunday matches during a competitive season.
Methods

Participants
Ten Division I female soccer players (20.5 ± 1.0 y, 166.6 ± 5.1 cm, 61.1 ± 5.8 kg) were tracked across 8 weekends in which matches were played on Friday evenings and Sunday afternoons. The 10 players represented 3 positions including outside backs (2), midfielders (4), and forwards (4). All outside backs and 6 of the midfielders or forwards were starters. The other 2 players were nonstarters who played a significant amount of time (>45 min). This retrospective examination of deidentified data was approved by the university institutional review board.
Design
All matches in which data were collected occurred during NCAA Division I regular-season competition. Matches analyzed included only weekend games involving a Friday evening match that started at 7:00 or 7:30 PM local time, with 1 match starting at 4 PM local time. The Friday matches were followed by Sunday afternoon matches starting at 12:00 or 1:00 PM local time, with 1 match starting at 11:00 and another at 2:30 PM local time. Table 1 provides an overview of the games analyzed. All matches were conducted under NCAA rules and regulations. Five of the weekends were home competitions, with the other 3 spread across the country from the southeast to the mountain west. For away weekends, the team traveled on Thursday and conducted a practice session in the afternoon, which lasted between 60 and 75 minutes and included a normal warm-up, running through set plays, and finishing with cross and finish drills. The team followed their normal game-day routine on Friday. Saturday was a travel day to a new opponent during away weekends, without a formal practice session, instead including a light jog and stretching session. For home weekends, the team conducted a similar practice session as for away matches on Thursday and similar to away weekends and did not practice on Saturdays, just conducted a light jog and stretching session. The Sunday routine was a normal game-day routine.
Methodology
Before the start of each match, the players were outfitted with a 10-Hz GPS device (Catapult, Minimax 4.0, Victoria, Australia). The GPS device was worn in a vest under the player's uniform top, with the device resting over the thoracic spine. At the referee's whistle, the tracking program was started. Stoppage times were noted, and this time was subtracted from the appropriate point in the data set. The tracking program was stopped at the referee's whistle to end the half and the process was duplicated during the second half. Logan Plus software (Catapult Systems, Victoria, Australia) was used to download all data to a laptop computer (Dell Latitude D620, Dell Inc, Round Rock, TX) after the matches. The match data were calculated as a rate (m/min) due to the substitution policy during college soccer matches, with only a few players participating in all 90 minutes. The data for each match were averaged for the players who participated in a minimum of 45 minutes of that match. This 45 minutes did not have to be continuous; the player needed to accumulate a minimum of 45 minutes of playing time to be included in the data set. If a match went into overtime, only the regulation portion was used for data analysis. For this investigation there was no attempt to control between match activities, and there were no nutritional interventions from the investigators.
Total match distance covered, distance covered at high intensity, the number of efforts a player completed at high intensity, and the number of sprints per match were calculated for each match. The amount of HIR has been considered a measure that can distinguish between good and elite soccer players. 5 In this investigation, HIR was defined as running at or faster than 3.61 m/s. An effort was counted if the player was at or above 3.61 m/s for longer than 1 second. A mean distance and HIR rate were calculated for each match for players participating in at least 45 minutes of the match. Mean Friday and Sunday distance and HIR rate were then calculated from the individual-match mean rates. A sprint was defined as a running velocity greater than 6.11 m/s. The player had to maintain this velocity for a minimum of 1 second for the run to be counted as a sprint.
Statistical Analysis
Data are presented as mean ± SD. Differences between the mean distance rate, HIR rate, sprints, efforts greater than HIR, and minutes played during Friday and Sunday matches were analyzed using dependent t tests. Pearson correlation coefficients were determined 
Results
Performance data are presented in Table 2 . There was a significant (P = .017) decrease in the rate of distance covered at or greater than HIR velocity from Friday to Sunday. The individual mean differences are presented in Figure 1 . In addition, there was a trend toward a difference (P = .073) in the number of efforts performed at or greater than HIR from Friday to Sunday. No differences (P > .05) were noted in the rate of distance covered, in minutes played, or in the number of sprints between Friday and Sunday games. Opponent win-loss records are presented in Table 1 . There were no significant (P > .05) correlations between opponent season-win totals and HIR rate (r = .035) or number of HIR efforts (r = .085). In addition, there were no significant correlations between an opponent's season loss totals and HIR rate (r = .083) or number of HIR efforts (r = .004). When examining the relationship between minutes played and the HIR rate, the correlation was r = .007.
Discussion
The results from this investigation indicate that a 42-hour period between matches may not be sufficient to ensure that players can complete the same amount of HIR in NCAA Division I female soccer matches. Although no differences were noted in minutes played and in the distance rate per minute played between the Friday and Sunday matches, results do indicate that during the Sunday afternoon matches the athletes had a significantly (P = .017) lower rate of HIR than during Friday's matches. There are a number of factors that could help explain this decrease in performance, including fatigue, muscle damage, inadequate nutrition, game tactics, and opponent strength.
A number of studies have demonstrated fatigue occurring during 2 and after a soccer match. 5 The results of this investigation suggest that the time between matches in a women's NCAA competitive soccer season may not be sufficient for the players to perform as much HIR on Sunday as they did on Friday. Nédélec et al 6 reviewed fatigue and recovery in soccer and noted that dehydration, glycogen depletion, muscle damage, and mental fatigue all contribute to postmatch fatigue. Although dehydration was not measured during the current investigation, others have reported players losing up to 5 L of fluid during soccer matches. [7] [8] [9] It is possible that the athletes may not have completely rehydrated from Friday's contest. Previous research has also suggested that 12% to 33% of NCAA Division I female soccer players consume less than recommended energy intakes during the competitive season. 10 This could have a direct impact on several factors related to recovery between matches, including glycogen replenishment. Although this is speculative, it is also possible that glycogen stores were not fully replenished in the participants examined in this study. With mean playing times of 65 minutes on Friday and 62 minutes on Sunday, this may not lend itself to predisposing the players to glycogen depletion; the effects of pregame warm-up and nutritional intake between matches were not analyzed during this investigation. As discussed earlier, previous research has shown that glycogen replenishment may not be complete 48 hours postmatch, even with nutritional intervention. 4 Shephard 11 classified soccer as a muscle-damaging sport due to the amount of eccentric contractions occurring during the various starting, stopping, turning, and jumping activities taking place during a match. This muscle damage was documented by Andersson et al, 3 who compared 2 days of active or passive recovery when soccer matches were separated by 72 hours in elite women soccer players. They found that creatine kinase concentrations and muscle soreness peaked 21 and 29 hours, respectively, postmatch and did not return to baseline levels until 69 hours postmatch. The investigators examining the effect of both active and passive recovery indicated that no differences were found in the extent of recovery in either group and further suggested that a 48-hour window of recovery may not be sufficient to maximize the performance effort in the subsequent match.
There are a number of nonphysiologic factors that can cause a variation in performance data between matches. Rampinini et al 12 reported that a soccer team's performance in a match is related to the activity and competitive level of the opponent. The lack of relationships between opponent win or loss record and HIR supports the finding that the opponent may not have been a factor in the decrease in HIR in the current investigation. In addition, in this investigation there was a lack of a relationship between playing time and HIR, although to be included in the data set players needed to accumulate more than 45 minutes of playing time during the match. For these players, HIR was not influenced by playing time. Further investigation into this relationship at the college level could help coaches make substitution decisions. In women's soccer, there has been little research on recovery between games, especially when games are played less than 48 hours apart. This study appears to be one of the first to examine gameperformance data in consecutive NCAA women's soccer matches. Our results suggest that a 42-hour window between matches may not be adequate for the women to perform the same amount of HIR in the second match as performed in the initial match. Future research appears to be necessary to examine potential recovery interventions in these athletes. Previous investigators have suggested that antiinflammatory strategies such as compression garments, cold-water immersion, and massage may be of benefit. 13 
Practical Applications
The results of this investigation suggest that 42 hours between soccer games may not be enough for athletes to perform the same amount of HIR during the second game. Although it was not directly measured in this investigation, one of the reasons for the decreased HIR in the second game may have been fatigue. Fatigue after competition is primarily due to dehydration, glycogen depletion, and muscle damage. 13 Because of the complexity of recovery, soccer coaches, strength and conditioning staff, nutritionists, and athletic trainers should work together to develop effective science-based strategies for maximizing recovery of soccer athletes between games separated by less than 48 hours.
Conclusion
Results of this study indicated that 42 hours between matches may not be sufficient in NCAA Division I women's soccer players to maintain HIR performance. Although this study did not examine the factors that may have caused these findings, previous studies have indicated that glycogen depletion, muscle damage, poor nutritional habits, and dehydration may play a role. Other factors such as motivation, game tactics, and opponent activity and skill level should be examined at the college level to determine if they play a role in reduced performance when soccer matches are separated by less than 48 hours. Greater efforts by coaches and athletes to facilitate recovery, whether by improving the athletes' daily nutrition, using supplement interventions, or altering the athletes' training regimen, may help improve performance in Sunday matches. A greater effort to understand the factors that influence game performance will optimize the chances for athletes to perform to the best of their abilities. In addition, after further investigation, the NCAA could examine the scheduling of games to allow for optimal time between games to maximize athletic performance.
